Background: Laparoscopic adrenalectomy has rapidly replaced open adrenalectomy as the procedure of choice for benign adrenal tumors. It still remains to be clarified whether the laparoscopic resection of large (Ն8cm) or potentially malignant tumors is appropriate or not due to technical difficulties and concern about local recurrence. The aim of this study was to evaluate the short-and long-term outcome of 174 consecutive laparoscopic and open adrenalectomies performed in our surgical unit.
INTRODUCTION
The first laparoscopic adrenalectomy was performed by Michel Gagner in 1992. 1 Since then, it has become the standard surgical approach for all benign adrenal tumors.
Compared with traditional open resection, laparoscopic adrenalectomy is associated with less postoperative pain, shorter hospital stay and recovery time, and better patient satisfaction rates. These clear advantages of laparoscopic adrenalectomy did not encourage any prospective randomized controlled trials comparing the new technique with the classical "open," either transabdominal or retroperitoneal technique. However, the laparoscopic approach has not been widely accepted as appropriate for the resection of larger adrenal tumors. 2 A tumor size of 6cm and later 8cm has been considered as the upper limit for laparoscopic adrenalectomy. 3 The risk of malignancy as well as technical difficulties were the main concerns in applying the laparoscopic approach in large adrenal tumors. 4 In this article, we highlight the technical aspects and results of laparoscopic surgery for adrenal tumors Ͼ8cm to determine the feasibility and safety of the procedure.
MATERIALS AND METHODS
From May 1997 to December 2008, 166 patients with adrenal tumors were hospitalized in our Department, and 174 adrenalectomies were performed. Sixty-five patients were men and 101 women, aged from 16 to 80. Nine patients underwent either synchronous or metachronous bilateral adrenalectomy. Four of these subjects had Cushing's disease, one had bilateral micronodular pigmental hyperplasia, one patient had MEN IIA syndrome, one metachronous solitary metastasis from colorectal cancer, one bilateral adenoma, and one adrenocortical carcinoma with contralateral large adenoma. The most common adrenal masses were adenomas, pheochromocytomas, Cushing's syndrome, aldosteronomas, and malignant tumors (Table 1) .
In 15 patients, adrenal tumor size, as measured on the uncut specimen in the Pathology Department, was Ն8cm (Table 2 ). All patients underwent laparoscopic adrenalectomy if their computerized tomography (CT) or magnetic resonance imaging (MRI) showed no invasion of periadrenal tissues or organs, and the adrenal tumor was Ͻ12cm to 13cm. Endocrinological evaluation and complete adrenal dynamic testing were performed to determine whether the tumor was functional. In all patients with pheochromocytoma alpha-adrenergic blockade was administered at least 10 days prior to surgery.
Technical Aspects of Laparoscopic Adrenalectomy
We prefer the transperitoneal lateral decubitus approach, as the best for maximal exposure of the gland and adjacent organs and vessels. On the right side, we use three 10-mm trocars and one 5-mm trocar. On the left side, we use two 10-mm trocars and two 5-mm trocars. We prefer to create pneumoperitoneum with the Hasson technique to avoid any relevant morbidity.
Right Adrenalectomy
The right triangular ligament and the retroperitoneal liver attachments are cauterized and divided to allow liver retraction and expose the upper limits of the tumor. Liver mobilization is necessary especially in large tumors. After dividing the retroperitoneum, the inferior vena cava (IVC) is identified and dissected from the tumor. The periadrenal fat is gently pushed upwards with endo-peanuts. The adrenal vein is subsequently identified, dissected, double-clipped, and divided. The inferior and superior adrenal vessels are cauterized or clipped. Ultrasonic scissors are occasionally used after ligation of the adrenal vein.
Left Adrenalectomy
The left colonic flexure is always mobilized in large tumors and the left upper renal pole exposed. The splenic attachments are cauterized and divided, and the tail of the pancreas identified. The spleen is further mobilized until the stomach is visualized. Gerota's fascia is then opened, the adrenal gland identified, and the adrenal vein dissected, double clipped, and divided. The renal vein is occasionally identified prior to adrenal vein clipping. The upper adrenal vessels are either cauterized or clipped. Ultrasonic scissors were often used after the division of the main adrenal vein.
The specimen was placed in a bag and extracted through an extension of the incision done for the Hasson technique. The length of the extension depends on the tumor size, and the tumor must be removed from the abdomen carefully to be kept intact for histology examination.
RESULTS
In 166 patients, 135 laparoscopic procedures were completed successfully, whereas in 14 patients the laparoscopic procedure was converted to open, and 17 patients were treated with the open approach from the start. No conversions were necessary in the group of patients with tumors Ͼ8cm.
Operative time for laparoscopic adrenalectomies ranged from 65 minutes to 240 minutes. In the large adrenal tumor group, operative time for laparoscopic resection ranged from 150 minutes to 240 minutes. The postoperative hospital stay for laparoscopic adrenalectomy ranged from 1 day to 2 days (mean, 1.5) and from 5 days to 20 days for patients undergoing the open or converted procedure. The mean postoperative stay was 2 days for the group with large tumors resected by laparoscopy. There was minimal blood loss in all patients with laparoscopic resection for tumors Ͼ8cm and no need for transfusion.
Mortality and major morbidity did not differ in patients with large tumors when compared with patients with smaller tumors.
Early in our experience, in a patient with morbid obesity, Cushing's syndrome and bilateral macronodular adrenal hyperplasia (adrenal size 2.5cm to 4.5cm), the right laparoscopic adrenalectomy was uneventful, whereas the left laparoscopic adrenalectomy, converted to open, was complicated by a low output pancreatic fistula, treated conservatively with success.
One patient with pheochromocytoma developed pulmonary embolism 3 hours after the procedure and succumbed in the intensive care unit (ICU) one month later.
The patient initially underwent a laparoscopic approach for an 8-cm tumor, which was converted to open due to difficulty in mobilization and minor but troublesome bleeding obscuring the operative field.
A 70-year-old patient with Conn's syndrome and a 2.5-cm adenoma who had a previous medical history of coronary heart disease, anticoagulant treatment not discontinued in a timely manner, and chronic renal failure died from respiratory failure after 2.5 months of hospitalization in the ICU. The patient was reoperated on 24 hours postoperatively with diffuse retroperitoneal hemorrhaging that was treated successfully.
One patient had a 10cm x 6.5cm adenoma, laparoscopically resected, suspicious for malignancy on imaging and potentially malignant on histological investigation, that recurred after 5 years and hence the patient underwent open resection including the upper pole of the kidney.
At a mean follow-up interval of 96 months after laparoscopic adrenalectomy (range, 8 to 150), resolution of hormonal activity and no evidence of benign tumor recurrence were documented irrespective of tumor size.
DISCUSSION
Laparoscopic adrenalectomy has become the gold standard in management of most adrenal masses. 5, 6 In fact, over the last 2 decades, retrospective comparison studies have illustrated the superiority of the laparoscopic approach over the conventional open procedure for the removal of benign functioning and nonfunctioning tumors of the adrenal gland. Laparoscopic procedures are associated with decreased hospitalization time; less operative blood loss; less postoperative discomfort, pain and need for analgesics; faster postoperative recovery; earlier return to everyday activities and diet; and lower overall costs. [7] [8] [9] [10] Based on these considerations, the indications for this technique have been vastly expanded, 11 and laparoscopic adrenalectomy may even be performed, in select cases, on an outpatient basis. 12 In the early stages, laparoscopic adrenalectomy was advocated only for the removal of small benign adrenal lesions. Despite the success of this procedure in patients with small adrenal tumors, there has been reluctance for several years to use this approach in patients with larger lesions. However, advantages in technology and experience gained in large institutions have extended the indications of laparoscopic adrenalectomy to include resection of larger adrenal tumors. 13 Several authors support the laparoscopic approach in lesions Ͻ6cm, whereas others have performed laparoscopic adrenalectomy of tumors up to 15cm without discouraging morbidity rates. 14 -16 Indeed, several studies show that laparoscopic resection of large lesions can be safely performed regardless of the tumor size. [17] [18] [19] [20] Extensive experience in advanced laparoscopic techniques as well as in open adrenal surgery are mandatory to manipulate and laparoscopically excise large tumors.
Despite the great experience gained in laparoscopic adrenalectomy, controversy remains in the management of adrenal tumors with high suspicion or evidence of malignancy. 21 There are still concerns regarding the ability of the laparoscopic approach to totally remove primary malignant lesions that are supported by some cases of local recurrence and peritoneal tumor dissemination following laparoscopic approaches for primary malignancies. [22] [23] [24] [25] Recurrence may be due to incomplete resection or capsular disruption of the tumor during manipulation of the adrenal mass. However, several studies have clearly demonstrated that long-time survival rates with minimally invasive techniques are similar to these in the open approach, whereas there is a significant improvement in quality of life in the postoperative period. 26 -28 The adrenal gland is also a site of metastatic spread for many tumors, mainly because of the rich sinusoidal blood supply. Large metastatic lesions are usually confined within the adrenal gland on presentation, thus representing an ideal target for laparoscopic excision. 29 -35 Laparoscopic surgery for metastatic adrenal tumors up to 10cm is definitely a feasible, indicated technique. 35, 36 The interpretation of radiologic characteristics is a cornerstone of preoperative assessment of large masses, because open surgery remains the preferred procedure when malignancy is suspected. Tumor size is a good index but cannot be used as an absolute predictor of malignancy. 37 It has been estimated that the risk for cancer in adrenal tumors Ͼ6cm is 1 in every 60 adrenalectomies performed, ie, 1.67%. 38 On the other hand, 13.5% of adrenocortical carcinomas were diagnosed in patients with adrenal tumors Ͻ5cm. 39 Moreover, computed tomography may be associated with approximately a 40% underestimation of adrenal tumor size compared with the actual size determined in the histological examination. 40 Despite the improvement in imaging techniques, they lack enough accuracy to exclude primary malignancy. An initial laparoscopic approach can be used to establish a diagnosis, and conversion to the open technique is mandatory if curative resection cannot be performed. The sole widely accepted absolute contraindication for minimally invasive techniques in adrenal lesions is the presence of large primary carcinomas with or without local invasion of nearby structures and/or metastasis to periaortic lymph nodes. 41 Large but well-encapsulated metastatic adrenal masses without evidence of local invasion can be removed laparoscopically, whereas giant benign tumors or tumors Ͼ12cm to 14cm are not an indication for the laparoscopic technique. 42 
CONCLUSION
Laparoscopic adrenalectomy can be considered the treatment of choice for all benign adrenal tumors up to 12cm to 14cm in size. Morbidity, mortality, and hospital stay is similar, irrespective of tumor size, but experience in both laparoscopic and adrenal surgery is necessary.
Large tumors suspected of being a primary malignancy based on imaging characteristics should be approached with the open technique from the start.
